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Abstract 
 The phenomenon of rebound effects has sparked considerable 
academic, policy and press debate over the effectiveness of energy efficiency 
policy in recent years. There has been a huge surge in empirical studies 
claiming rebound effects of hugely varying magnitudes. The contention of 
this paper is that the lack of consensus in the literature is grounded in a rush 
to empirical estimation in the absence of solid analytical foundations. Focus 
RQ PHDVXULQJ D VLQJOH µUHERXQG¶ PHDVXUH has led to a neglect of detail on 
precisely what type of change in energy use is considered in any one study 
and on the range of mechanisms governing the economy-wide response. This 
paper attempts to bring a reflective pause to the development of the rebound 
literature, with a view to identifying the key issues that policymakers need to 
understand and analysts need to focus their attention on. 
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1. Introduction 
 The issue of whether rebound effects in energy use may partially or 
even wholly offset anticipated energy savings from increases in energy 
efficiency has become a source of considerable concern and debate in both 
academic and policy circles. While the academic literature on rebound has 
been growing over the last twenty to thirty years (triggered by the 
contributions of Brookes, 1978, and Khazzoom, 1980, building on much 
earlier foundations laid by Jevons, 1865) it is only in the last couple of years 
that the debate seems to have exploded. This has perhaps been triggered by 
policy attention to the potential implications of rebound. In 2005 the UK 
House of Lords published a report questioning whether rebound may provide 
an explanation as to why macro-level energy use and the energy intensity of 
UK GDP has not fallen as may be expected in the wake of efforts to increase 
energy efficiency throughout the economy. In response to this, and following 
advisory stakeholder input, the UK Energy Research Centre (UKERC) 
instigated and conducted a study reviewing and synthesising evidence on the 
rebound phenomenon. This is the well-known Sorrell (2007) report. 
Following this the interest of the European Commission was also sparked and 
it commissioned another evidence review by Maxwell et al. (2011). In the 
same year the Jenkins et al. (2011) or Breakthrough Institute review was also 
published. Given the policy interest in these evidence reviews, and the 
demands of the policy community for models that would permit empirical 
estimation of the importance of rebound in considering the effectiveness of 
future energy efficiency policies, there has been a surge in studies 
considering and/or measuring various aspects of rebound effects. Since 2007 
(the year of the afore-mentioned Sorrell report), there have been 80 articles 
addressing this issue across six leading energy/environmental journals 1: 
Ecological Economics (10 articles, e.g. Holm and Englund, 2009), Energy (6 
articles, e.g. Ouyang et al., 2010), Energy Economics (15 articles, e.g. most 
                                                                 
1
 Count made through Scopus search (conducted on 20 August 2012) of articles in press or 
published LQWKHVHVL[MRXUQDOVZLWKZRUG³UHERXQG´LQWKHLUWLWOHDEVWUDFWDQGRUNH\ZRUGV 
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recently Wang et al., 2012), Energy Efficiency (7 articles, e.g. Nässén and 
Holmbert, 2009), The Energy Journal (2 articles ± Frondel et al., 2008, and 
Small and Van Dender) and Energy Policy (40 articles, most recently 
published Li and Zhang, 2012, and most cited Sorrell et al. 2009).  
 However, the contention of this paper is that empirical rebound 
research has run ahead of the required theoretical and analytical 
underpinnings. The more new papers that are produced, the more confusing 
and lacking in resolution the literature seems to be in explaining the sources 
and mechanisms governing rebound, and even what µthe rebound effect¶ is. 
Frustrating for an academic, the confusion and lack of clarity may have 
worrying impacts in terms of public and policy attitudes to energy efficiency 
improvements ± VHH IRU H[DPSOH 7KH (FRQRPLVW PDJD]LQH¶V UHVSRQVH WR D
paper by Tsao et al. (2010) on solid-state lighting, which draws the 
conclusion that old fashioned, energy inefficient light bulbs should be made 
compulsory.2 
 Therefore, the purpose of this paper is to urge rebound researchers 
to pause for thought. It identifies four major issues with the rebound literature 
that need to be investigated and clarified as a matter of urgency if rebound 
research is to play a useful, and not a counter-productive role in future energy 
and climate policy around the world. These are identified as: (i) problems 
with the current rebound taxonomies/typologies that new researchers and the 
policy community alike latch onto in trying to define the problem (Section 2); 
(ii) a lack of distinction between the very different mechanisms governing 
economy-wide responses to energy efficiency improvements in consumption 
and production activities respectively (Section 3); (iii) a lack of attention to 
and clarity in dealing with factors that put downward pressure on rebound 
(Section 4); and (iv) a lack of consensus on what is meant and understood by 
energy efficiency and how it is introduced to analytical models  (Section 5). 
Conclusions are offered in Section 6. 
                                                                 
2
 7KH(FRQRPLVW³1RWVXFKDEULJKWLGHD´$XJXVW$W
http://www.economist.com/node/16886228. 
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2. The problem of classifying rebound effects 
 
2.1 The first rebound classification ± Greening et al. (2000)  
In the earliest comprehensive review paper on the rebound 
phenomenon, Greening et al. (2000) identify a four-part typology/taxonomy 
of rebound effects: (1) direct; (2) secondary energy use; (3) market clearing 
price and quantity adjustments; (4) transformational effects. In referring to 
direct rebound they focus on the micro-level impact of the response to the 
reduced price of energy services, where the supply of these services increases 
when efficiency improves in the use of a physical energy input. Note that 
they later refer to this as an effective price change per physical unit of energy, 
which is akin to the implicit price FKDQJHUHIHUUHGWRLQ-HYRQV¶Vand 
%URRNHV¶V  arguments, but with this seemingly being regarded as a 
source of confusion by some later writers, such as Sorrell (2009). An 
equivalent alternative is to express in terms of the resulting impact on the 
derived unit price of the energy service in question.  
Greening et al. (2000) then identify several types of secondary 
effects. First, they consider consumers and focus on increased demand for 
other (non-energy) goods and services, and the indirect energy requirements 
of their production, as direct expenditure on energy is reduced as a result of 
the efficiency improvement. However, they consider that these demand 
effects are likely to be insignificant where energy is a minor share of 
consumer expenditure. More recent research (e.g. Druckman et al., 2011) has 
challenged this conclusion, a point that we return to below. First a more 
fundamental issue must be considered. 
 
2.2 Efficiency in industrial vs. household energy use 
IQ FRQVLGHULQJ WKHLU µVHFRQGDU\¶ UHERXQG HIfects, Greening et al. 
(2000) make one very important distinction that seems to have become 
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conflated in later contributions. They nRWHSWKDW³>f]or firms in a given 
sector, secondary effects result from (1) the increased demand for non-fuel 
inputs to their production process as a result of increased demand for output, 
DQGWKHHIIHFWRIWKHORZHUFRVWRIRQHVHFWRU¶VRXWSXW  on production costs 
RIRWKHUVHFWRUV´ (emphasis mine).  
The key distinction is with respect to (2). Here Greening et al. are 
referring to a key trigger for the productivity-led growth that is central to the 
-HYRQV¶VWKHVLVXQGHUO\LQJwhat has come to be known as the backfire 
(rebound greater than 100%) argument that is developed by Brookes (1990, 
2000), Saunders (1990, 2000) and others, with more recent survey 
contributions focussing on this particular issue by Alcott (2005), 
Dimitropoulos (2007), Sorrell (2009) and Madlener and Alcott (2009). The 
crucial point, one that seems to have become lost in later works, is the 
demarcation that secondary effects resulting from reduced input costs and 
output prices will only occur if the efficiency improvement directly impacts 
the costs of production in firms. That is, it will only happen if a firm¶s own 
efficiency improves so that efficiency improves in energy use in production, 
not in household consumption (unless the price of labour supplied by 
households is impacted). We return to this point in Section 3.  
 
2.3 The importance of supply as well as demand responses  
Greening et al.  S  WKHQ LGHQWLI\  ³SULFH DQG TXDQWLW\
readjustments or economy-wide effects of both direct and secondary 
responses to technology-induced changes in the effective price per unit of 
fuel´ . In a footnote they clarify that this involves consideration of economy-
wide rebound effects that take into account the interrelationship of prices and 
outputs of goods and resources in different markets. Crucially, in both the 
text and footnote, they note that adjustment to a new macroeconomic 
equilibrium will involve supply as well as demand-side responses to 
changing prices and quantities. In particular, they note that adjustment in fuel 
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supply markets may be significant.  Greening et al. do not explore this issue, 
with their empirical review going on to focus solely on direct rebound 
effects, and they only cite one other work in this area, a policy paper by 
Kydes (1997). It is the contention of the current paper that the issue of 
supply-side effects in general, and energy supply responses in particular has 
since been neglected in the rebound literature (though with some more 
important recent exceptions through general equilibrium studies ± for 
example, Turner, 2009, and Wei, 2010 - and an early, but much overlooked, 
contribution by Zein-Elabdin, 1997, highlighting the role of supply as well as 
demand elasticities). This has led to a neglect particularly of potential 
constraining, or even negating, impacts on rebound, a possibility highlighted 
by Turner (2009), and one that we return to below.     
 
2.5 Do we QRZ KDYH DFOHDUFODVVLILFDWLRQRIµUHERXQG¶ HIIHFWV"   
Van den Bergh (2011) argues that the Greening et al. (2000) 
taxonomy is not entirely satisfactory due to crossover between the different 
categories, particularly with respect to economy-wide rebound effects, which 
may impact each and all of them.3  He contrasts the Greening et al. taxonomy 
ZLWK 6RUUHOO¶V  VLPSOHUFDWHJRULVDWLRQRIGLUHFWDQGLQGLUHFWVXPPLQJ  to 
economy-wide rebound effects. +RZHYHUWKHVLPSOLFLW\RI6RUUHOO¶VW\SRORJ\
means that it tends to be interpreted from the perspective of additive demand 
effects as the boundaries of rebound effects considered increase. In contrast, 
Greening et al¶V (2000) typology ± which also includes a fourth category of 
µWUDQVIRUPDWLRQDO HIIHFWV¶ ZKHUH FRQVXPHU SUHIHUHQFHV (the argument could 
also apply to producers) for existing or new products (inputs) are impacted by 
efficiency improvements - may be argued to have more in common with Van 
GHQ %HUJK¶V RZQDSSURDFK, where he provides a more comprehensive list of 
                                                                 
3
 The decomposition of different types of rebound effect is problematic, particularly empirically. 
For example, even direct rebound calculations may be distorted by observing energy use data as 
DJLYHQHQHUJ\XVHU¶VXVHRIDSDUWLFXODUIXHOPD\ULVHDVHIILciency increases both because of the 
decrease in effective price of that fuel but also because of a wider set of income effects as 
economy-wide adjustment takes place. Moreover, different elements of rebound effect will be 
interdependent: for example, the strength of the direct rebound effect will impact negatively 
impact on the size of re-spending effects (the more energy is saved the greater will be the freed 
up income available to spend on other goods and services). 
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potential rebound mechanisms than previously presented in the literature. 
Similarly, Sorrell (2009) later goes on to distinguish five different types of 
effects that fall under his indirect classification: an embodied energy effect4, 
re-spending effects, output effects (which are inherently focussed on the case 
of increased energy efficiency in production), energy market effects and 
composition effects (again inherently focussed on the production case ± see 
below). The key difference is that Van den Bergh (2011) does not attempt to 
squeeze these into a typology, rather focussing on clearly identifying a range 
of mechanisms that should ideally be considered but may or may not be 
captured by different analytical approaches .  
Thus, one contention of this paper is that identification of a rebound 
typology/taxonomy, while pedagogically useful, if attempted too early may 
lead to confusion and neglect of potentially important mechanisms 
influencing the nature and magnitude of the economy-wide (national and 
global) response to increased energy efficiency. This is reflected in the fact 
that reviewers such as Sorrell (2009) and Madlener and Alcott (2009), while 
presenting in this manner, seem to also find it limiting. Both talk about the 
need to expand the boundaries of economy-wide rebound, particularly to take 
international impacts into account, an issue also raised by Van den Bergh 
(2011). Generally, the issue of the spatial boundaries within which rebound 
effects are considered and estimated has not been given sufficient attention in 
the rebound literature to date. Particularly if the energy use (and associated 
pollution generation) impacts of increased energy efficiency are considered 
in the context of global energy security and climate change, there is a need to 
consider the impacts of changes in behaviour in any one locality on energy 
demand and supply at a global level through changes in import and export 
activity.  
                                                                 
4
 :HUHWXUQWRWKHGHILQLWLRQRIµHPERGLHG¶ energy effects below. 6RUUHOO¶VGHILQLWLRQ
relates more to the energy requirements of capital goods required to bring about an efficiency 
improvement (an ex ante change) rather than the consideration of changes in energy embodied in 
any and all goods and services where expenditure may be directed or redirected ex post. The 
latter may falls PRUHFOHDUO\XQGHU6RUUHOO¶VµUH-VSHQGLQJ¶HIIHFW See Section 4 below. 
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Saunders and Tsao (2012) also raise the issue of wider µIURQWieU¶
effects, where efficiency gains in particular energy services (they consider 
lighting) create opportunities for new products, applications and possibly 
industries. Van den Bergh also identifies the potential for such effects but 
refers to them aV µWHFKQRORJLFDO LQQRYDWLRQ DQG GLIIXVLRQ HIIHFWV¶ (both 
FRQWUDVW ZLWK *UHHQLQJ HW DO¶V WUDQVIRUPDWLRQDO HIIHFWV LGHQWLILHG DERYH
which do not require new products). Thus, there is a need to clarify and 
explore these mechanisms also and the spatial element is likely to again be 
important in a modern global economy.  
Moreover, outside of the macro-focussed analyses of writers like 
Brookes and Saunders, there has been little attention to the issues of temporal 
boundaries on rebound. As economies adjust to changes in efficiency at the 
micro-level, the size and nature of rebound effects are also likely to change, 
with pressure for either expansion or contraction. As we discuss in more 
detail below, Turner (2009) has shown that energy supply responses will be a  
key determinant in this respect. At this point, a central contention of this 
paper is that the lack of attention to energy supply issues in the rebound 
literature is a fundamental source of concern. Again, in considering their 
rebound taxonomy, Madlener and Alcott (2009) in particular seem to struggle 
with how to consider potential supply-side effects as they mention the need to 
take account of global energy markets  (an issue raised earlier in the literature 
by Birol and Keppler, 2000). However, outside of their own taxonomy, 
Madlener and Alcott do not develop this  even to the extent of Greening et al. 
(2000), who, as noted above, mention (but do not explore) the need to 
consider price and quantity adjustments in energy  supply markets.  
Generally, and pDUWLFXODUO\ LQ WKH FDVH RI µHFRQRP\-ZLGH¶ UHERXQG
effects (as noted by Dimitropoulos in his 2007 review), we still lack a 
rigorous theoretical framework to explain the mechanisms and consequences 
of rebound effects at the macro level. Therefore, it would seem more prudent 
to follow the Van den Bergh (2011) approach of working to identify and 
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consider a range of potentially important determinants  of the economy-wide 
response to increased energy efficiency in any one activity . However, this 
should be done without focussing on closing the debate on a prematurely 
agreed typology RI µUHERXQG¶ that researchers should work within/link their 
findings to. More fundamentally, caution should perhaps also be exerted in 
trying to squeeze a very wide range of possible responses to energy 
efficiency improvements into a single measure of µUHERXQG¶.  
 
3. Energy efficiency improvements in final consumption vs production 
 
3.1 Households vs. firms 
Section 2.2 identified a crucial issue in terms of distinguishing 
between the impacts of energy efficiency improvements made in final 
consumption activities (particularly in the household sector in household 
heating/cooling/lighting and personal transportation) and in production  
(through agricultural, commercial, industrial, public sector and freight 
transportation activities). A key point is that Jevons (1865) focussed on 
energy and other inputs to production. He (SDFWXDOO\H[SOLFLWO\VWDWHV³,
speak not here of the domestic FRQVXPSWLRQ RI FRDO´  HPSKDVLV PLQH As 
Van den Bergh (2011) points out, the basic energy saving strategies that 
constitute energy efficiency improvements may be similar for households and 
firms, as may be the mechanics of basic partial equilibrium analysis of direct 
rebound (though this may be disputed particularly given different concerns 
regarding multiple inputs, cost minimisation vs. utility maximisation etc .). 
However, the key issue explored in this section is that the transmission 
mechanisms determining the wider rebound effect are likely to be very 
different.  
As noted above, Greening et al. (2000) consider energy efficiency 
by both consumers and firms, making a distinction between the two broad 
cases. In the same special issue of Energy Policy, Berkhout et al. (2000) also 
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make a very clear distinction, offering basic partial equilibrium micro 
analysis for the production and consumption cases in turn, but do not extend 
beyond this level of analysis. Birol and Keppler (2000) focus entirely on the 
production case. However, later writings, particularly in the widely read 
µUHERXQG UHYLHZ¶ VWXGLHV FLWHG LQWKHLQWURGXFWLRQWRWKLVSDSHURIWHQIRFXV
on the consumption case (household energy efficiency) in considering direct 
rebound but then go on to discuss the production case in considering 
economy-wide rebound effects. This may be due to the dominance of 
household studies in the case of direct rebound and industrial studies in the 
case of the much smaller empirical literature on economy-wide rebound. 
However, there would seem fundamental issues with the definition and 
interpretation of the theoretical basis for rebound in the two cases.   
 
µ3URGXFWLRQ¶ RIµHQHUJ\ VHUYLFHV¶ 
One possible explanation for the confusion and conflation of the 
impacts of energy efficiency improvements taking place in (final) 
consumption activities relative to production may stem from the concept of 
DOOHQHUJ\XVHUVXVLQJHQHUJ\DORQJZLWKRWKHUµLQSXWV¶WRµSURGXFH¶HQHUJ\
services. .KD]]RRP¶V seminal (1980) analysis of the efficiency of appliances 
is inherently consumption focussed but he talks about supply of energy 
services, as do Greening et al. (2000), while Sorrell and Dimitropoulos 
 XVH %HFNHU¶V  µKRXVHKROG SURGXFWLRQ¶ PRGHO. The distinction 
PD\ EH D XVHIXO RQH EXW WKH QDWXUH RI µVXSSO\¶ RU µSURGXFWLRQ¶ RI HQHUJ\
services must be carefully interpreted.  
One issue is that energy services are not directly marketed 
commodities and their prices are a derived rather than market ones. This 
raises issues in terms of identifying price elasticities as data do not tend to be 
reported on the former. However, a more fundamental point is that this is not 
production activity in the conventional sense that underlies GDP 
measurement (where household production in general is not included) or the 
12 
 
position of the production possibility frontier. The manner in which 
households contribute to this production is in the supply of labour services 
(and capital, where they are owners /recipients of returns). Thus, unless 
increased efficiency in their use of energy leads to households being willing 
to supply labour (and/or capital where relevant) at a lower real wage rate this 
will not trigger a process of productivity-led growth. Rather, any economic 
growth will come through shifts in demand that are akin to a simple change 
in tastes, but with an increase in real income provided by the reduct ion in 
implicit price of energy or the price of energy services. This is a crucial 
difference: in the absence of increased productivity and/or expansion in 
supply-conditions, increased household demand will stimulate production to 
meet higher demand putting upward rather than downward pressure on factor 
and output prices, thereby reducing competitiveness, with domestic 
FRQVXPSWLRQ SRWHQWLDOO\ µFURZGLQJ RXW¶ H[SRUW GHPDQGV . The net impact on 
economic activity and energy use will depend on the specific case being 
analysed. However, the key issue is the difference in the nature of the 
adjustment mechanism relative to cases where efficiency improves in 
production, where both productivity and competitiveness increase, permitting 
expansion in both domestic and external demands. 
Further emphasising the importance of household labour supply 
decisions  0DGOHQHU DQG $OFRWW  LGHQWLI\ D FDWHJRU\ RI µUHERXQG
GHPDQG¶ (again emphasising the demand focus of more recent rebound 
typologies) DVDULVLQJIURPFRQVXPHUV¶FKRLFHEHWZHHQ  leisure and additional 
consumption. Madlener and Alcott (2009) focus on how this may lead to zero 
rebound if additional leisure time has no embodied energy use or 
macroeconomic impacts (such an argument may also apply to the choice 
between present consumption and saving). Greening et al. (2000) also raise 
the time allocation issue, but they do so in the context of labour market 
participation rates and occupational structure. However, there may be a more 
straightforward transmission mechanism if additional leisure time involves a 
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decrease in labour supply as this may (depending on labour market 
conditions) raise nominal and real wage rates (the price of labour) and 
negatively impact production possibilities. 7KLVDXWKRU¶VMXGJHPHQWLVWKDWWKH
issue discussed in the previous paragraph regarding the direct real wage 
impacts of increased efficiency in household energy use is a more immediate 
concern in understanding economy-wide impacts. However, the general point 
here is the need to consider the nature of transmission mechanisms from 
changes in household consumption activity to the supply (production) side of 
the economy. 
 
3.3 The need for more work on theoretical foundations  and empirical 
case studies 
In short, the lack of attention to differences in the nature of 
economy-wide response mechanisms that are likely to apply whether energy 
efficiency improvements take place in production or final consumption is a 
fundamental problem with the rebound literature to date. Perhaps it is one 
that has not been picked up because there have been no published studies 
attempting to lay analytical or theoretical foundations to understand the 
causal processes underlying the wider macroeconomic response to increased 
energy efficiency in final consumption. As far as is known, the only applied 
general equilibrium study focussing on an efficiency increase in household 
energy use is Dufournaud et al. (1994), but this focuses very specifically on 
wood-burning stoves in the Sudan, a case that is difficult to generalise. As a 
result, while direct rebound analyses have focussed particularly on increased 
efficiency in household energy use, contributors to the literature seem to 
draw on the limited empirical findings from studies of macro rebound effects 
from increased efficiency in production in widening focus to economy-wide 
rebound effects. However, the relatively small set of general equilibrium and 
non-equilibrium economy-wide studies (reviewed in Sorrell, 2007, with more 
recent rebound focussed case studies including Anson and Turner, 2009; 
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Barker, 2007; Barker et al., 2009; Turner and Hanley, 2011; Wei, 2010), 
while putting forward some important insights on different mechanisms 
underlying macro-level rebound effects, have not yet established a solid 
theoretical foundation on the production side either.  
 
4. Embodied energy effects and downward pressure on µrebound¶ 
 An interesting area of rebound research has recently developed in 
considering the embodied energy effects of the re-spending decisions that 
households make when they realise savings from reduced expenditure on 
energy as efficiency increases . These may be considered using the simplest 
general equilibrium framework, input-output (IO) models, where changes in 
quantities are considered abstracting from any price effects. At this point it is 
important to note that demand-driven quantity IO models are not ideal for 
modelling the impacts of increased energy efficiency, particularly if 
efficiency improvements take place in production, which constitutes a change 
in supply conditions. Moreover, they cannot deal with the impacts of changes 
in prices. Generally the production side of demand-driven IO models is rigid. 
Similarly, supply- or price- driven IO models may be used to emulate 
producer behaviour in response to efficiency changes, but treat the 
consumption side as rigid. For this reason, more flexible applied or 
computable general equilibrium, CGE, models (which incorporate IO 
accounts in their database and capture the same inter-sectoral linkages) are 
more suitable for considering economy-wide rebound effects. The Turner 
(2009) analysis discussed below adopts a CGE approach to consider rebound 
in a broader economy-wide setting. Nonetheless, IO models are useful to 
isolate embodied energy effects of changes in final or intermediate demand 
patterns that may result from energy efficiency improvements.     
Specifically, IO multiplier analysis is ideal for examining energy 
and/or pollution embodied throughout industrial supply-chains (see Turner et 
al., 2007, for the IO multiplier method which is also commonly employed in 
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HQYLURQPHQWDO µIRRWSULQW¶ VWXGLHV Two examples are found in Druckman et 
al. (2011) and Freire-Gonzàles (2011) for UK and Spanish (Catalonia) case 
studies respectively, where indirect energy use embodied in re-spending 
decisions is found to be large in a number of scenarios modelled . However, 
in considering IO multiplier results it is crucial to identify that as well as 
increased embodied energy requirements of the consumption goods that   
households may reallocate their expenditure in favour of, there will also be 
reduced embodied energy requirements from energy-savings (inputs and 
outputs of the energy supply sectors in the IO model) where rebound is less 
than 100%. That is, all goods and services have an embodied energy 
requirement through direct energy use in their production and indirect energy 
use embodied in the intermediate inputs used in their production. Thus, just 
as increased consumption of non-energy goods and services involves 
increased embodied energy requirements down their supply chains  (positive 
multiplier effects), reduced consumption of energy involves decreased 
embodied energy requirements as less energy and non-energy inputs are 
required in the supply chains of energy producers  (negative multiplier 
effects). Moreover, energy production (for example, electricity generation in 
gas- or coal-fired plants) tends to be both directly and indirectly energy-
intensive. Thus, there is a strong chance that redirected spending away from 
the energy-intensive outputs of energy supply sectors in favour of less 
(directly and indirectly) energy-intensive non-energy goods and service will 
lead to a net negative embodied energy effect. This will be captured by IO 
models as long as a full set of expenditure changes (both positive and 
negative) are introduced.    
Turner (2009) considers this issue for the case of energy efficiency 
in production in a computable general equilibrium (CGE) modelling context. 
Here findings of net negative economy-wide rebound occur as a result of the 
reduced intermediate energy input requirement of Scottish production sectors 
where efficiency increases in industrial energy use. Reduction in the direct 
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intermediate use of energy sector outputs is the engineering saving; however, 
there are also negative impacts on indirect energy use embodied in energy 
sector outputs (e.g. reduction in intermediate use of coal or gas by the 
electricity supply sector when efficiency in industrial use of electricity 
increases). The latter constitute negative multiplier effects in energy sector 
supply chains that act to offset reductions in the µDFWXDO HQHUJ\ VDYLQJV¶
(AES) that constitute the numerator in the standard rebound calculation 
ZKHUH3(6LVWKHµSRWHQWLDOHQHUJ\VDYLQJV¶WKDWPD\EHDVVRFLDWHGZLWKWKH
expected engineering savings): ܴ ൌ ቂͳ െ ஺ாௌ௉ாௌቃ ݔͳͲͲ     [1]  
However, this finding is implicitly disputed in a paper by Guerra 
and Sancho (2010). They argue that negative multiplier effects in the energy 
supply chain (reductions direct and indirect use of energy by energy 
producers through their intermediate use of both energy and non-energy 
inputs) VKRXOG EH LQFRUSRUDWHG LQWR WKH µSRWHQWLDO HQHUJ\ VDYLQJV¶ WKDW
constitutes the denominator of the standard rebound calculation  above. If not, 
they argue that there will be downward bias on economy wide rebound 
estimates. Thus the Turner vs. Guerra and Sancho argument centres on 
whether WKH µSRWHQWLDO HQHUJ\ VDYLQJ¶ LQ WKH GHQRPLQDWRU RI >@ should be 
limited to the anticipated or engineering savings that equate to the size of the 
efficiency improvement or include indirect energy supply chain effects. This 
DXWKRU¶V FRQWHQWLRQ LV WKDW VLQFHLQGLUHFWHQHUJ\VDYLQJVZLOOQRWEHNQRZQ
ex ante (unless policy analysts have access to appropriate IO models), 
practical considerations and the understanding of policymakers should 
overrule the strict general equilibrium conditions that Guerra and Sancho 
(2010) introduce. Again, one becomes concerned that definition and 
measurement of a single µUHERXQG¶ measure has begun to override 
understanding of the range of economy-wide responses that may occur and 
the fact that different mechanisms may exert upward or downward pressure 
on macro-level energy use.   
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In the Turner (2009) paper, this author identifies another source of 
downward pressure on economy-wide rebound (but this time a price driven 
one that cannot be considered in a fixed price IO framework). It again relates 
to the response of energy suppliers to the excess capacity experienced in 
response to initial energy savings when efficiency (in production or final 
consumption) increases. In the short-run, energy suppliers may respond to 
excess capacity by reducing their output price. This will provide further 
impetus for rebound. However, over time, if the subsequent demand response 
is not sufficiently elastic to prevent revenues earned by energy s uppliers from 
falling, this may result in a contraction in capacity or a µGLVLQYHVWPHQW¶HIIHFW 
that will lead to a tightening of energy supply conditions and reverse pressure 
on energy prices. This will cause economy-wide rebound to decrease in size 
as the economy adjusts to a new equilibrium. Turner (2009) explains that this 
finding, which contradicts the theoretical predictions of Wei (2007) and 
Saunders (2008) that economy-wide rebound will be larger in the long-run 
than in the short-run, is driven by one key variable: the treatment of the 
return on capital, assumed to be fixed in the models of Wei and Saunders but 
HQGRJHQRXVDQGUHVSRQGLQJWRSURILWDELOLW\LQ7XUQHU¶VPRGHO 
The Turner (2009) findings require further investigation, particularly 
in the context of imperfectly competitive energy supply conditions where 
price setting behaviour (albeit often in a regulated context) will introduce an 
additional layer of complexity. However, once again the importance of 
considering the supply-side of the economy in general and energy supply 
conditions in particular is  emphasised as a priority topic for future research. 
 
5. Considering the nature of energy efficiency improvements  
 However, there is another very fundamental area in which the 
existing rebound literature is less than clear. This is in terms of what different 
studies actually mean by energy efficiency improvements and how they are 
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introduced. One particularly problematic issue is the treatment of capital 
costs involved in making efficiency improvements. 
  
5.1 Capital costs involved in introducing energy efficiency improvements  
Greening et al. (2000) raise the issue of capital costs , which has 
remained a source of debate in the rebound literature, but is yet to be 
effectively resolved. In doing so they distinguish between (1) potential 
technological efficiency improvements (the efficiency improvement that 
could occur) and (2) realised or actual efficiency improvements (what is 
actually implemented). They explain that most rebound estimates are based 
on (2) rather than (1) and they attribute the decision of what is actually 
implemented to explicit consideration of the initial cost of energy using 
capital. This would seem to suggest that capital costs do not impact on 
rebound effects as such, rather on the size of the efficiency improvement 
modelled. However, Greening et al. then go onto distinguish between short 
and long run decision-making with consideration of capital costs  impacting in 
the long-run.  
Similarly, Sorrell & Dimitropoulos (2007) argue that higher capital 
costs may lead to uptake of fewer/smaller and/or different conversion 
devices. However, again, it is not clear whether and how this will affect the 
size of rebound in physical energy use in response to a given energy 
efficiency improvement that has occurred. Rather, it may simply relate to the 
uptake of technology. Sorrell and Dimitropoulos also tDON DERXW µUDWLRQDO¶
consumers, who the capital cost arguPHQWGRHVQ¶WDSSO\WR (on the basis that 
XWLOLVDWLRQGRHVQ¶WGHSHQGRQVXQNLQYHVWPHQWFRVWV, set against what seem to 
be uptake/inertia problems (also raised by Greening et al., 2000, and 
considered in more depth by other writers such as Sorrell et al., 2004). 
However, it may be argued that the latter could be captured through 
differences in short and long run price elasticities for the physical energy 
demand in question and/or the incorporation of non-economic factors 
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(perhaps drawing on the input of other social science disciplines such as 
psychology) in specifying models.  
A key point would seem to be that capital costs are fixed costs while 
the marginal energy and service use decisions underlying rebound are based 
on variable costs. Given that capital and other investment costs are sunk prior 
to an efficiency improvement being made, the rational consumer may look to 
maximise the benefit gained by investment and installation by increasing 
physical energy use and/or use of the energy service as unit costs fall. Even if 
investment has involved financing that requires  the user to make repayments 
over time, this would seem to be more of an income constraint question than 
one of price responsiveness. It would seem to be recognition of this type of 
reasoning that leads Alcott (2005) to explicitly ignore capital costs.  
The key issue in the debate seems to be whether the initial direct 
rebound is estimated in terms of physical energy use or energy services. 
Since the former involves considering market rather than derived prices, it 
may seem more straightforward empirically. However, there is a need to 
focus on the subset of uses of a given physical energy use where efficiency 
has improved ± for example, electricity used to run a refrigerator. This 
implies a need to shift towards considering the own price elasticity for a 
given energy service. Henly et al. (1988) ± the most commonly cited paper in 
the capital cost debate ± argues that capital costs involved in improving 
efficiency will impact on this price response, and that the impact will vary 
across different time periodV 7KH\ SURYLGH D FULWLTXH RI.KD]]RRP¶V
theoretical formulation of rebound, which assumes away the costs of new 
appliances (capital costs in a consumer-IRFXVVHG DQDO\VHV +HQO\ HW DO¶V
formulation (later applied more recently by Mizobuchi, 2008) builds 
investment costs (the price of an appliance as a capital or durable good) into 
the long-run own price elasticity of energy service demand which (set against 
reduced operating costs of a more efficient appliance) they argue reduces 
direct rebound.  
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This issue of requires fuller consideration in the literature, if nothing 
else to define the terms of the problem that we are attempting to address. It 
would seem sensible to carefully consider the different stages of the 
efficiency improving process  for different practical examples (in both 
household final consumption and production). This would involve giving 
particular attention to the question of just what type of efficiency 
improvement is made, whether, for example, any R&D costs are involved in 
identification of efficiency improvements (e.g. see Fisher and Vanden-Ho, 
2010), then how and when capital costs come into decision making processes  
(and also any post-installation operating and maintenance costs associated 
with capital equipment/durable goods).  
 
5.2. What do we mean by energy efficiency? 
Van den Bergh (2011) also raises a fundamental issue in terms of 
whether economic understanding of energy use and efficiency is sufficient to 
properly identify and understand the problem. He calls for more attention to 
the work of Ayres and colleagues (e.g. Ayres et al., 2003) in considering the 
nature of physical energy use. Much earlier in the rebound debate, Birol and 
Keppler (2000) made the point that engineers and economists may have 
different views in terms of constraints on the range of technologies and 
substitution possibilities available to facilitate energy efficiency 
improvements. Useful insight from an engineering perspective is provided by 
Sorrell (2009). Following Patterson (1996), he defines energy efficiency by 
thermodynamic, physical and economic measures, noting that the rebound 
debate to date has focussed on the latter, where emphasis is on energy 
productivity with outputs from energy use measured in economic terms (real 
value of output). Ruzzenenti and Basosi (2008a) focus on the thermodynamic 
QDWXUH RI HQHUJ\ HIILFLHQF\ DQG /RWND¶V  GHILQLWLRQ RI DQ HIILFLHQF\ -
power (effectiveness and speed respectively with which energy is processed) 
trade-off. The basic implication of this trade-off for the rebound debate is that 
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increased efficiency can shift the power output of machinery, thereby 
widening the gap between potential and actual energy savings independent of 
the economic drivers of rebound. The same authors offer a second analysis 
that provLGHV ³DQ HYROXWLRQDU\ SHUVSHFWLYH´ 5X]]HQHQWL DQG%DVRVLE
p. 526) on rebound where they propose a link between the complexity of the 
global economic and biological systems and the declining impact of 
efficiency improvements as global energy demand increases and particularly 
traffic density grows. 
Different definitions of energy efficiency will be appropriate in 
different circumstances. However, there is a problem in that it is often not 
clear what different authors mean by energy efficiency (a point also 
highlighted by Dimitropoulos, 2007, and Sorrell, 2009) and/or whether they 
focus on technological change that leads to a change in the price of an energy 
service as the rebound trigger. In this respect, some studies (e.g. Druckman et 
al. 201FRQVLGHUµUHERXQG¶LQHQHUJ\XVHIURPEHKDYLRXUDOFKDQJHVWKDWGR
not actually involve any technological change to reduce the physical energy 
XVHGWRµSURGXFH¶DQHQHUJ\VHUYLFH (and thus with no reduction in the price 
of that service), rather decisions to reduce the use of a given energy service. 
Van den Bergh (2012, p.534) also extends the context where rebound may 
DSSO\WRFRQVHUYDWLRQDVZHOODVHIILFLHQF\LPSURYHPHQWVDV³UHOLHYLQJDOLPLW
on a scarcH UHVRXUFH´ DQG WKXVLPSDFWLQJWKHSULFHRIWKDW resource. Alcott 
(2008) further extends by considering rebound effects of sufficiency or 
frugality strategies that put downward pressure on energy (and other 
resource) prices, which may stimulate demand elsewhere in the economy.        
 
6. Conclusions 
Generally, then, a starting point in bringing some clarity to the 
rebound debate must be to develop a consensus on (a) what we mean (and 
understand) E\ µHQHUJ\ HIILFLHQF\¶ E KRZ LW WULJJHUV UHERXQG LQFOXGLQJ
what, if any, impact capital costs have on this trigger), and (c) whether any 
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other energy-saving strategy, such as voluntary or enforced 
conservation/behavioural change will trigger a similar set of processes at the 
micro and macro levels.  The next step then must be to fully consider the 
range of mechanisms that may potentially influence the impact of any one 
action in any particular type of consumption or production activity to save 
energy on total energy use at the geographical level of interest. Geographical 
focus will depend on whether the case under study involves a single national 
economy attempting to limit its total energy use and/or dependence on 
particular internal or external sources of energy supply, or to meet emissions 
reduction targets under international agreements, or whether global concerns, 
particularly the issue of climate change, are the subject of investigation .  
However, the concern of this author is that as we extend our focus to 
FRQVLGHUDZLGHUUDQJHRIµUHERXQG¶PHFKDQLVPVLQDGGLWLRQWRWKHchallenge 
of how to analyse and model the problem in an integrated manner, we run 
into a very fundamental problem. This is how different effects  and 
mechanisms may be treated within the simple rebound definition that relates 
µDFWXDO HQHUJ\ VDYLQJV¶ WR µSRWHQWLDO HQHUJ\ VDYLQJV¶ $Q H[DPple of this 
problem has been considered in Section 4, where the potential for downward 
pressure on economy-wide energy use from increased efficiency in 
production or consumption activities was discussed. There we saw that, in the 
case of negative multiplier effects in energy supply, this only translates to 
downward pressure on rebound if these are considered within actual rather 
than potential energy savings.  
This reflects a very basic problem in that there is a lack of 
agreement and clarity in the literature regarding how µrebound¶ VKRXOG be 
measured. This raises the question of how useful single measures of 
µUHERXQG¶ DUHZKHQDZLGHUDQJHRISRWHQWLDODQGFRPSOH[PHFKDQLVPVQHHG
to be considered. In particular, the rebound has to date tended to neglect the 
issue of energy supply responses. This paper has highlighted the need to 
consider both price and quantity adjustments in energy supply markets. The 
23 
 
response of energy suppliers to excess capacity and profitability in different 
time periods as demand for their output shifts may involve lowering or 
raising prices, which will further impact energy demand. Thus energy market 
effects may impact what have become accepted theoretical underpinnings for 
a single rebound measure. In particular, lower prices in energy markets may 
confound the zero rebound condition while higher prices cast uncertainty on 
the 100% rebound condition identified by Saunders (2000).5 Should these 
reference conditions for rebound be reconsidered in light of energy market 
effects or does the notion of a single measure become less useful as multitude 
of determining factors are identified?      
Generally, the identification of solid theoretical foundations for the 
range of mechanisms governing rebound effects is surely as, if not more, 
important than developing the empirical models and analyses that 
policymakers are so hungry for. This then raises the further question of 
whether the focus on empirical PHDVXUHPHQW RI D µUHERXQG¶ HIIHFW KDV
become a distraction from actually understanding and explaining how energy 
efficiency improvements work and impact on the wider economy. 
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